Abstract-This paper proposes a Transmit Power control algorithm that increases a sensor network lifetime while maintaining throughput. The developed protocol has two main purposes: (1) to reduce energy depletion by using transmit power control protocol, and, (2) to maintain throughput by using multipath routing. A limitation of most previous studies that minimize transmit power is that they fail to take into consideration the throughput reduction when energy saving schemes are employed. Positive results were obtained when the proposed scheme was simulated on an IEEE 802.11g wireless link.
I. INTRODUCTION
Recently, there have been rapid developments in wireless sensor networks (WSNs). Low-cost/low-power WSNs are utilized in various applications such as smart home automation [1] , health care and biomedical functions [2] . WSNs could contain hundreds to thousands of sensor nodes distributed over an extensive area. Sensor node batteries cannot be recharged or replaced, as serving a large area could be difficult, challenging and or even dangerous and hence this is costly and impractical. The limited source of energy thus can be considered as the main challenge in the WSNs [3] .
One of the major challenges in high density WSNs is to reduce energy consumption while maintaining throughput. Transmit Power Control (TPC) protocol in combination with multi-hopping can reduce power consumption since reducing the transmission range results in a doubled or tripled energy saving depending on the transmission frequency, but this in turn results in a throughput reduction.
The key to manage this reduction in throughput is using multiple paths. Using two or more non-interfering paths may offer a possible solution to maintain overall network throughput. Although, many efforts have been made to address such problems, less attention have been paid to combine multipath routing protocol and multi-hopping for dense single-channel IEEE 802.11g sensor network to maintain throughput, and enhance energy efficiency at the same time.
The remainder of this paper is organized as follows. Section II defines the TPC protocol and outlines some related work. Section III states the problem being addressed in this paper and describes our developed algorithm procedure. Section IV discusses our simulation model and results. Finally, Section V draws conclusions, and suggests some useful recommendations for future work.
II. TRANMIT POWER CONROL PROTOCOL
TPC is a method of reducing the transmit power of a transmitter in order not to overwhelm a receiver as well as reduce power use at the transmitter. Hence, TPC is a commonly used energy conservation method. For multi-hop WSNs, TPC has been challenging, attracting much research in this area. A transmitter applies TPC in an attempt to utilize the least possible power necessary to reach its destination, and occasionally minimizes wireless interference. Previous studies proposed that TPC is expected to manage power consumption in dense WSNs [4] .
TPC protocols are widely used with IEEE 802.11 standards for wireless networks. A number of studies have revealed that single-channel IEEE 802.11 MAC protocols fail to perform effectively in these environments with regard to energy efficiency and throughput neutrality. Current research findings have prompted future research to focus on TPC protocols that are suitable for IEEE 802.11 standard based WSNs [5] . Effectively, energy is reduced but this also results in the reduction of network throughput. The ideal case is where an energy saving is obtained while maintaining the original throughput before the energy saving.
In [6] it was shown that it is possible to enhance network and link capacities by combining TPC algorithms with CSMA in wireless multi-hop networks. A mathematical model was formulated to consider the distances of transmitter-receiver pairs, hop-count metric (number of hops) and the network density. The question of how much of the total energy utilized in a network can be saved by an 'ideal TPC' protocol was addressed by [7] . A numerical model was developed by defining L as the ratio for energy utilized in a network with TPC to that without TPC.
In [8] , 'the distributed TPC' protocol was established to select the required transmission power levels individually based on link quality for each hop to maximize overall throughput. In [9] , a realistic energy consumption model was proposed based on TPC in distributed networks. The proposed model improves energy trade-off at the PHY and MAC layers by using a mathematical model. An 'enhanced power control MAC' protocol [10] energy drain. The transmitting power level was calculated based on the minimum carrier sensing range, the maximum channel capacity and the signal-to-interference ratio. The above works result in reducing power usage but they also reduce the throughput in turn.
III. ALGORITHM DESIN AND STRUCTURE
The hypothesis of this paper is that throughput can be maintained while the overall energy of the network can be reduced if the topology permits. In this paper, we propose the combination of both TPC with multipath routing protocol to mitigate the disadvantage of using each protocol individually. TPC is used to reduce the transmit power, while multipath routing is added in order to mitigate the loss of throughout that results from multi-hopping due to this TPC. Fig. 1 shows the general concept where a single 'long' hop is broken up into multiple hops, then 2 paths are used in order to maintain throughput. Note, the reduction of transmission range for the transmitters in the figure. In this way one can attempt to maintain throughput or in other words attain throughput neutrality while reducing the energy used to transport the data. The approach we adopt is to increase the number of hops between source and destination pairs if intermediate nodes exit between them. Hence, if a distance of 120 meters is present between a source and destination, then this can be traversed in 2 hops of 60 meters each or 3 hops of 40 meters each and so on (see Fig. 2 ). This will reduce the transmitted power required.
Upon transmission, an electromagnetic wave can be modelled as a sphere spreading out away from a source point. Hence, the energy of the wave front dissipates with the square of the area. This is known as path loss or transmission loss. The rate of loss is defined as the path loss exponent. Depending on the frequency, the path loss exponent α is generally in the range of 2 to 4. Hence, a transmission saving is to be had and is inversely proportional to the square (if α=2) of the distance:
where, P max is 100% (or 1) and is the power required for the single hop path, and P n is the transmission power for each intermediate node as a percentage of the original single-hop power. While a saving is obtained in the transit side, the receiver side also consumes a significant amount of power but this is usually constant regardless of the incoming power of the signal. But this results in a limitation of how much benefit that can be obtained from reducing the transmission distance. Through some case studies, it was determined that no benefit is gained if the original single hop path is broken up beyond 4 hops. As any benefit in reducing the transmit power is mitigated by the increased number of receivers and overhead of retransmission.
Indeed, Fig. 3 . shows that if we apply a basic model for the transmitter and receiver as shown in Equation (2), then it can be seen that little benefit is obtained if a single path is broken up beyond 4 hops.
where, P T is the relative power as a fraction of the maximum transmission and P tx and P rx are the transmit and receive powers at each hop. Note here that the receiver power is constant at each node while the transmitter power varies according to Equation (1).
B. Single receiver/Single frequency limitation
For single-channel WSNs, the overall network throughput and channel capacity are limited. This is due to the fact that the bottleneck is at the transmitter and receiver where packets will converge and they will have to wait as the receiver cannot receive multiple packets at the same time. This can be addressed by using multi-channel/multi-transceiver WSNs, the throughput will be significantly enhanced but at a significant cost. In this paper we are addressing the simplest radio and single frequency case.
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C. Number of Paths
Traditionally multipath routing protocols primarily utilize only the optimal path for transmitting data, and then include other alternative paths such as backup or recovery paths for fault tolerance. Also, many multipath routing protocols take advantages of employing alternative paths to enhance the reliability of data exchange as well as increasing data traffic load balance effectively. In this study, we employ multipath routing to increase the throughput as mitigation against the throughput lost through multi-hopping. Given the receiver can only receive packets from only a single source, throughput cannot be increased if more than 2 paths are employed, 3, 4 or 5 independent paths will result in packets having to wait at the final hop in order for the destination node to receive them.
Hence, our approach only attempts to discover two independent paths to the destination and on each path, it attempts to limit the breakup of single hops down to a maximum of 4 hops where possible.
D. Transmit Power Adaptation and MultiPath Routing
Algorithm 1, presents the proposed steps to enable TPC for multipath WSNs. Also, Fig. 4 presents the flow-diagram of our proposed algorithm.
At first, the multipath routing protocol is utilized to establish primary and secondary paths (Steps 1 & 2) . Then, H_1 and H_2 are calculated to compute how many hops are utilized and find the maximum number of hops to reach the destination (Step 3). After that, using Equation (2) to compute the distance ratio (d) as well as the transmitting power level (P tx ) (Step 4). In Step 5, we use the Hop-count as a counter to find the number of intermediate nodes between the sourcedestination pair. In the last two steps, the transmitter node adapts its transmitting power, and attaches the calculated transmitting power level information at the header of the control message which will be sent to the next-hop nodes. However, if the sent message times-out, the transmitter node increases the transmitting power level and repeats the previous step. Else, the receiver node uses this power level as a default transmitting power, and then sends its information to the nexthop node. This procedure is continued hop-by-hop to reach the destination node. 
IV. SIMULATION AND RESULTS
We implemented our proposed protocol in the QualNet 5.1 simulation environment. We begin by first comparing our developed multipath routing protocol obtained in Section III with traditional routing protocols that are already exist in the QualNet 5.1 platform such as dynamic source routing (DSR) and Ad hoc on-demand distance vector routing (AODV) protocols in terms of energy consumption, network throughput and data loss rate.
The simulated network is composed for 20, 40, 60, 80 and 100 static IEEE 802.11g sensor nodes that were deployed randomly in an area of (200×200) m 2 . We used a free space propagation model and the maximum transmitting range for each node is set to 120 m. CBR (constant bit rate) is used, 512 byte is the size of each transmitted packet and the number of transmitted packets is 1000 packets. Also, the simulation run time is 100 sec. The results are averaged through 10 simulation runs.
A. Energy Consumption
The energy consumption is the summation of the consumed energy overall in the network. Fig. 5 shows the result of total energy used over the network. Additionally, the average of energy use by the node participating in data exchange between source and destination is calculated as presented in Fig. 6 .
It is clear from Fig. 5 and Fig. 6 that, in the proposed TPC multipath protocol, the overall energy consumption of the network and at each node have noticeably reduced and showed a better performance than the traditional routing protocols. However, as we increase the network density, the average energy usage increases. The figures also show that AODV gives better results than the proposed TPC when the sensor nodes are increased at the network (i.e. 80 nodes) this is due to more hops on average between source and destination pair and hence the energy usage increases. Having 40 nodes in the area results in most connections having 2 to 3 hops and hence results in the lowest amount of energy consumed and hence longest network lifetime.
B. Throughput and Data Loss Rate
While cutting down the transmission range is good for saving energy. It has the opposite effect on throughput and hence a reduction in throughput is obtained when the same packet is retransmitted multiple times. Fig. 7 and Fig. 8 show the difference between the proposed multipath protocol and the traditional single-path protocols in terms of the throughput and data loss rate, respectively. Fig. 7 shows the throughput experienced by the three topologies as we vary the number of nodes. The results are also as expected with the throughput reducing as the number of nodes increases. This is due to many factors. First and foremost, it is due to the increasing number of hops, and secondly, it is due to the increased interference as the number of nodes increases. It is also clear from Fig. 7 that the throughput is maintained when using multipath instead of single-path due to the limitation of the single radio channel. As different packets converge from different paths to a single receiver, effectively all will have to wait to be received one at a time. Fig. 8 also shows the corresponding data loss experienced by the nodes as the number of nodes increases.
V. CONCLUSION AND FUTURE WORK
This paper has attempted to extend the lifetime of a high density wireless sensor network while maintaining throughput across it. We combined the TPC features into a multipath routing protocol. This new protocol aims to only have two paths between source and destination and break up each path into a limited number of hops. Hence, in this way power saving can be achieved while maintaining throughput. We implemented the protocol in QualNet 5.1. The results were encouraging and showed that indeed some savings can be achieved, but they also showed that the significance of the savings is severely diminished through the IEEE 802.11 MAC protocol as well as the overheads associated with the routing protocol. The main conclusion that can be drawn is that some energy gains can be achieved in comparison with traditional single-path routing protocols such as AODV and DSR. The developed TPC protocol can be further enhanced by considering other WSN features such as interference.
